Background: We previously reported that Hook1 inhibits the phosphatase activity of SHP2 in the regulation of the epithelial-mesenchymal transition (EMT) in lung cancer. In this study, we performed a comprehensive analysis of SHP2 and Hook1 expression and relationships with the prognosis of patients with non-small cell lung cancer (NSCLC). Materials and methods: A total of 121 patients with NSCLC were included in this study. Expression of SHP2 and Hook1 was assessed by immunohistochemistry and Western blot analysis. The overall survival rate of NSCLC patients was analysed using Cox's ratio hazard multivariate analysis and the log-rank test. Results: In tumour tissue specimens, positive expression rates of SHP2 proteins were 58.4% by immunohistochemical analysis. A significant correlation between expression of SHP2 and that of Hook1 was observed. Based on Western blot analysis, we found that Hook1 was downregulated and that SHP2 has a tendency to overexpress without statistical significance in NSCLC tissues compared with their levels in normal lung tissues. The median overall survival (OS) of NSCLC patients who presented low levels of SHP2 expression were better (40 vs 24 months, p=0.004) than those of patients who exhibited high levels of SHP2 expression. The results of multivariate analysis showed that the level of SHP2 expression was an independent prognostic factor for OS. Conclusion: SHP2 might play an important role in NSCLC and has the potential to serve as a clinical biomarker or NSCLC.
Introduction
According to a recent estimate from the World Health Organization (WHO), lung cancer is the leading cause of cancer-related death, accounting for an estimated 1.59 million deaths worldwide. 1 Although tyrosine kinase inhibitors (TKIs) have exhibited a superior clinical benefit in lung cancer treatment, unfortunately, almost complete drug resistance and tumour recurrence occur in patients receiving TKItargeted therapy. Recently, Wang et al reported that dioscin overcomes TKI resistance in epidermal growth factor receptor (EGFR)-mutated lung adenocarcinoma cells by reducing the expression of SHP2 and its interaction with GAB1. 2 Additionally, Chen et al found a selective oral SHP2 allosteric inhibitor (SHP099) and demonstrated its ability to inhibit ERK phosphorylation and cancer growth. 3 As the first proto-oncogene encoding a tyrosine phosphatase, 4 src homology 2 domain-containing tyrosine phosphatase 2 (SHP2), encoded by the ptpn11 gene, plays an important role in the development of tumours, inflammation, transcriptional regulation and cell migration. [4] [5] [6] Somatic activating SHP2 mutations has been investigated in various types of cancer, including breast cancer, acute myeloid leukaemia, colorectal cancer and lung cancer. [5] [6] [7] Nevertheless, SHP2 has been shown to inhibit tumour formation in liver cancer. 8, 9 Thus, SHP2 plays different roles in different tumours depending on the tissue and disease stage, yet the association between the expression level of SHP2 and patient prognosis in non-small cell lung cancer (NSCLC) remains unclear. SHP2 contains one protein tyrosine phosphatase (PTP) catalytic domain and two N-terminal Src homology 2 (SH2) domains. [10] [11] [12] [13] In the inactive state, one of the Nterminal SH2 domains prevents PTP domain binding. However, when the appropriate ligand binds to its receptor, the SH2 domain is recruited to specific phosphotyrosine sites on the ligand receptor or receptor protein associated with the receptor, thereby relieving selfinhibition. [12] [13] [14] In our previous study, we identified a novel SHP2-interacting protein, Hook1, that directly interacts with the N-SH2 and PTP domains of SHP2. 15 Hook1
is an endogenous negative regulator of SHP2 activation. Hook1 is a microtubule-binding protein involved in microtubule cytoskeleton dynamics, endocytic trafficking, and cell differentiation. [16] [17] [18] Experimental data indicate that Hook1 is downregulated in ovarian cancer, breast cancer and hepatocellular carcinoma (HCC) patients.
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We have reported that by regulating activation of SHP2, Hook1 negatively modulates the TGFβ1-induced epithelial-mesenchymal transition (EMT) in NSCLC. However, the role of Hook1 and SHP2 in NSCLC remains unclear. 15 In this study, we examined expression of SHP2 and Hook1 in NSCLC by immunohistochemistry (IHC) and Western blotting to evaluate associations between the expression levels of SHP2 and Hook1 and the clinical outcome of NSCLC patients. Our results suggest that assessment of SHP2 and Hook1 expression levels is appropriate for use in clinical decision-making.
Materials and methods

Ethical approval
All procedures that were performed in studies involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards. This study was approved by the Ethics Committee of the First Affiliated Hospital, Zhejiang University. All participants signed an informed consent form prior to participation in the research study.
Patients
We reviewed NSCLC patients undergoing surgical resection in our hospital between 2008 Table 1 ). 
Western blot analysis
Immunohistochemistry
Briefly, 4-μm sections from paraffin-embedded tumour tissues were deparaffinized in xylene and dehydrated in graded alcohols. For antigen retrieval, the slides were boiled in 10 mM citrate buffer in a microwave for 20 min and then cooled at room temperature for 30 min. Endogenous peroxidase activity was quenched by incubating the slides in 0.3% H2O2 and then washing with phosphate-buffered saline (PBS). The slides were incubated with the anti-SHP2 primary antibody (Abcam, Cambridge, UK) or anti-Hook1 antibody. After washing with PBS, the slides were incubated with the secondary antibody in a humidified chamber for 60 min, followed by 3,3-diaminobenzidine (DAB) chromogen and haematoxylin nuclear counterstaining. Positive control tissue was stained in parallel.
IHC evaluation
The number of positive cells was calculated by counting in the 200x amplified high-power field. The scores for each patient were based on the intensity and distribution of the staining. The distribution was scored as 0 (0%), 1 (1-50%), or 2 (>50%), representing the percentage of positive cells per field. The staining intensity was scored as 0 (no expression), 1 (mild expression), 2 (mediate expression), or 3 (strong expression). The intensity and distribution scores were summed as a total score (0-5), where 0-2 was negative and 3-5 was positive. 22 
Statistical analysis
All statistical analyses were performed using SPSS version 18. A chi-square test was employed to assess correlations between SHP2 and Hook1 protein expression and clinic pathological characteristics. Kaplan-Meier survival curves and log-rank tests were used to analyse univariate distributions for progression-free survival (PFS) and overall survival (OS). The hazard ratio (HR) and its 95% confidence interval (CI) based on Cox's ratio hazard multivariate analysis were used to assess the effects of SHP2
and Hook1 protein expression on PFS and OS. p<0.05 was considered statistically significant.
Results
Patient characteristics
From January 2008 to May 2014, 136 NSCLC patients were recruited from First Affiliated Hospital, Zhejiang University. Among them, 15 patients were excluded from the study due to incomplete data; NSCLC tissues and their corresponding adjacent normal lung tissues were obtained for 20 patients to further investigate the relationship between the expression levels of SHP2 and Hook1; data from for 101 patients were extracted at the end of the follow-up period. Among the 101 patients, the median age was 60 years (range, 33-76 years). The majority of patients were male (73%) and presented with histological features of adenocarcinoma (56%). Regarding histopathological staging, 70% patients were at stage I-II, and 30% were at stage III-IV (Table 1 ). According to the Performance Status (PS), 75% of the patients scored 0, and 25% of the patients scored 1 or 2. All patients were involved in the survival analysis. According to data until February 2017, 77 patients had died, and 23 were still alive. The median OS was 25.0 months (95% CI: 20.5-29.5 months), and the median PFS was 8.0 months (95% CI: 5.9-10.0 months).
SHP2 and Hook1 protein expression in NSCLC
To identify whether Hook1 and SHP2 proteins are key in NSCLC, we examined protein expression in 20 NSCLC tissues and corresponding adjacent normal lung tissues by Western blot analysis. The results showed that SHP2 was overexpressed in tumour tissue samples compared with corresponding normal lung tissue samples but that Hook1 expression was lower in lung tissue samples ( Figure 1A ). Using densitometry analyses of the relative fold change in either SHP2 or Hook1 expression compared to that of β-actin, we observed that expression of Hook1 in lung tumour samples was significantly lower than that in their corresponding adjacent tissues ( Figure 1B , p=0.01); in contrast, we found no statistical significance with regard to SHP2 expression (p=0.202).
The relationship between SHP2 and Hook1 protein expression in NSCLC
In our previous studies, we identified that a novel SHP2-interacting protein, Hook1, a negative regulator of SHP2 activation, negatively modulated TGFβ1-induced EMT in NSCLC. 15 To further explore the relationship between expression of SHP2 and Hook1, we performed a correlation study on SHP2 and Hook1 protein expression in 101 NSCLC patients using immunohistochemical analysis ( Figure 2 ). Fifty-nine of the 101 lung tumour tissues showed immunoreactivity with the SHP2 antibody, whereas 46 tumour tissues presented a negative protein expression of Hook1. However, among the 59 patients with positive results for SHP2 expression, 41 patients were also positive for Hook1 expression. Overall, SHP2 expression was significantly correlated with Hook1 expression in lung tumour tissue (r=0.358, p<0.001, Table 2 ).
Correlation between SHP2 and Hook1 protein expression and clinical characteristics
We further assessed differences between protein expression levels as dichotomous variables (low vs high) across all of the clinical and pathological factors using the chisquare test. We observed that Hook1 expression levels in lung tumours were significantly related to Cox multivariate regression analysis of potential prognostic factors of NSCLC patients
In addition to the correlation between SHP2 and Hook1 protein expression and clinical characteristics, we investigated whether SHP2 and Hook1 protein expression may be used as a prognostic biomarker. Cox multivariate regression analysis was performed to analyse the effect of SHP2 and Hook1 protein expression on PFS and OS in patients. In this study, a total of 75 patients had died at the end of the study. The median OS was 25 months, and the median PFS was 8 months. The median OS of patients with high expression of SHP2 was significantly worse (median OS, 24 months) than those with low expression of SHP2 (median OS, 40 months; p=0.004; HR=2.397; 95% CI=1.373-4.183, Figure 3A) . However, there was no statistically significant difference in the median OS (34 vs 25 months; p=0.38, HR=1.251; 95% CI=0.759-2.063, Figure 3B ) of patients with low or high expression of Hook1. In addition, the median OS of patients with low expression of SHP2 and Hook1 was longer than that of patients with a high level of expression of at least one of the proteins (48 vs 25 months; p=0.02; HR=1.831; 95% CI=1.007-3.327, Figure 3C ). Moreover, there was no significant difference in the median PFS among the various groups (p>0.05, Table 4 ). 
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We then analysed the prognostic value of the biological association between SHP2 and Hook1 as a possible prognostic factor. The median OS of patients with low SHP2 and low Hook1 (median OS, 48 months) was significantly increased compared with that of patients with high SHP2/high Hook1 (median OS, 24 months; p=0.013; HR=2.158; 95% CI=1.176-3.960), high SHP2/low Hook1 (median OS, 21 months; P=0.04; HR=2.105; 95% CI=1.034-4.286) or low SHP2/high Hook1 expression (median OS, 27 months; p=0.636; HR=1.222; 95% CI=0.533-2.798, Figure 4) .
Cox regression analysis was used to determine the HR of relevant prognostic characteristics, including sex, age, smoking status, performance status, pathological stage and the level of Hook1 expression. The level of SHP2 expression was an independent prognostic factor for OS in multivariate analysis (HR=2.401, p=0.003 Table 5 ). Among the other variables, only tissue histology (squamous vs adenocarcinoma vs others) was confirmed as an independent prognostic factor for OS (HR=1.521, p=0.033, Table 5 ). These results suggest that the level of SHP2 expression is an important prognostic factor for NSCLC patients.
Discussion
In recent years, the identification of molecular prognostic markers, including in EGFR, ALK, Kras, Ros1, PD-L1, ROR1, in most lung cancer patients has allowed the emergence of personalized targeted therapies and created new expectations for these patients. EGFR mutation can lead to autophosphorylation of intracellular receptors and activation of tyrosine kinase and participate in the proliferation, growth, invasion, metastasis and angiogenesis of tumour cells. 23 Zheng et al reported that ROR1 protein expression was significantly higher in lung ADC tissues than in their adjacent non-tumour tissues, and ROR1 expression significantly correlates with the malignant attributes of lung ADC. 24 As a widely expressed and important phosphatase, SHP2 plays different roles in various tumours and microenvironments, including in processes of cell proliferation, survival, invasion, metabolism, migration, transformation and morphogenesis. SHP2 is a crucial oncogene that has been extensively investigated, and recent experimental data show that inhibition of SHP2 activity suppresses EGFRL858R-driven lung adenocarcinoma. 26 Wang et al also found that dioscin overcame TKI resistance in EGFR-mutated lung adenocarcinoma cells via decreases in SHP2 expression. 2 The recently discovered small molecule SHP2 inhibitor SHP099 inhibits the growth of multiple ALK-inhibitorresistant patient-derived cells (PDCs) in combination with anaplastic lymphoma kinase (ALK) inhibitor ceritinib. 27 According to clinical data for 80 NSCLC patients, expression of SHP2 in tumour tissues is highly specific and sensitive and is closely related to lymph node metastasis. 28 Indeed, SHP2 expression may promote the invasion and metastasis of NSCLC via the lymphatic system. 29 These findings demonstrate that SHP2 is associated with drug sensitivity and the progression of lung cancer, suggesting that it is a potential target for anticancer therapy.
In the present study, we used 20 pairs of frozen lung tissue samples and 101 paraffin-embedded tissues to investigate expression of SHP2 and its binding partner Hook1 in NSCLC patients. Western blot analysis showed that SHP2 is overexpressed in lung cancer tissue; in contrast, the Hook1 protein is expressed at low levels, indicating that expression of SHP2 and Hook1 may play a vital role in the pathogenesis of NSCLC. IHC analysis of SHP2 protein expression in 101 NSCLC patients revealed SHP2 expression in 59 patients, for an expression rate of 58.5% (59/101). Surprisingly, the rate of Hook1 positivity in 101 NSCLC patients was 54.4% (55/ 101). It is likely that the number of patients, UICC staging and approaches, such as Western blotting and IHC, might influence the results, and more efforts are needed to confirm these findings. Our chi-square test analysis showed that levels of Hook1 expression were significantly related to UICC staging (P=0.036), suggesting that Hook1 protein expression and the occurrence and development of NSCLC are closely related. Hook1 is a member of the hook protein family that participates in endocytosis and in maintaining cell shape. 16, 30 In recent decades, Hook1 has been reported to be downregulated in ovarian cancer and breast cancer. 19, 21 Recently, Sun and colleagues 20 reported Hook1 to be downregulated in HCC patients, and its expression level was associated with malignancy. Moreover, our previous study showed that Hook1 negatively regulates TGFβ1-induced EMT by blocking SHP2 in lung cancer. 15 All of these studies indicate that the Hook1 protein is a protective factor in cancer. EGF and TGFβ1 activate SHP-2 enzyme activity through disassociation of Hook1 and SHP-2 PTP domains. Specifically, TGFβ1 activates SHP2 by downregulating Hook1, whereas EGF activates SHP2 without affecting Hook1 protein levels. 15 In the present study, expression of SHP2 was significantly correlated with expression of Hook1 in NSCLC tissues. Surprisingly, among the 59 patients positive for SHP2 expression, 41 were also positive for Hook1 expression. It is likely that overexpression of Hook1 may suppress the enzymatic activity of SHP2 to regulate tumour microenvironments as well as signalling in advanced stages of NSCLC. The enzymatic activity of SHP2 is temporally and spatially regulated through scaffolding proteins, including Gab2, Gab1. Gab2 phosphorylation by RSK inhibits recruitment of the tyrosine phosphatase SHP2 in response to growth factors, 31 and interaction of SHP2 with Gab1 mediates activation of EGFR and PI3K. 32 In general, the mechanism by which SHP2 is activated has been extensively studied.
In this study, we also showed that patients with low SHP2 expression had a prolonged median OS (40 vs 24 months, p=0.004) compared with those with high SHP2 expression. Multivariate analysis showed that the level of SHP2 expression was an independent prognostic factor for median OS, and the patients with higher SHP2 expression tended to have poor clinical outcomes in survival analyses. However, no such correlation was found for Hook1 expression. In addition, significant differences were observed regarding the median OS between patients with a low SHP2/low Hook1 and a high SHP2/low Hook1 expression level (48 vs 21 months; p=0.04) or a high SHP2/high Hook1 expression level (48 vs 24 months; p=0.013) in tumour tissues. These findings indicate that the level of SHP2 expression may serve as a biomarker for diagnosis and prognosis of patients with NSCLC. Surprisingly, among the patients positive for SHP2 expression, there was no significant difference in the OS of those with a low level of Hook1 expression compared with the OS of those with high expression (p>0.05), suggesting that overexpression of Hook1 is not the only mechanism that regulates SHP2 enzyme activity in lung cancer. Further investigation is needed.
Our study demonstrates that SHP2 is overexpressed and that Hook1 is downregulated in NSCLC patients. In addition, patients with a low level of SHP2 expression showed a better prognosis and longer survival than did those with high expression, whereas no such correlation was found for Hook1 expression. Our findings suggest that SHP2 is a potential therapeutic target and prognostic factor for patients with NSCLC. However, only a few samples could be evaluated in this study, so more prospective random studies, with larger sample sizes, are needed to further evaluate the prognostic and predictive value of SHP2 and Hook1 expression. The detailed mechanism of SHP2 in cancer progression and the role of Hook1 in tumours also require further investigation.
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